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CHAPTER 3 
 
METHODOLOGY 
 
3.1  Introduction 
 To fulfill requirement for this project, the method should be clear and this 
project ought to finish within the time. Firstly, the mathematical model of the system is 
calculated in order to determine the system behavior. These projects are involves 
hardware and software to completed the project. For the hardware parts, the mechanical 
part will be designed by using CATIA software and circuit part, driver motor with 
Arduino UNO used to complete the task. After the design complete, the model and 
circuit will be build and then software is been used in order to test their function 
according the plan. Meanwhile for the software, Simulink software had been used to 
model and simulate the PID controller. The last stage of this project is completed by 
integrated the hardware and software. 
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3.2 Mathematical Model 
 
Figure 3.1 Two free-body diagrams of the system.  
The mathematical modeling of inverted pendulum is desired by using the newton 
second law has shown in Equation (3.1) where F is force, m is mass and   for 
acceleration. 
                                                                              
The Equation 3.2 is obtained through Equation 3.1, which is in X- axis. The variables M 
represent the mass of the cart, b is representing the coefficient of friction and N is the 
force.  
  ̈    ̇                                                                      
In order to get value N, the Equation 3.3 is used. The variables m represent the mass of 
pendulum, and   is representing the half of length pendulum. 
    ̈     ̈         ̇                                                        
Next, the Equation 3.2 and 3.3 is combined in order to summarize the equation. 
      ̈    ̇     ̈         ̇                                    
The equation through Y – axis is obtained and summarize in one equation which is 
shown on Equation 3.5 below. 
                        ̈    ̈                                          ) 
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P and N terms are combined together to get sum the moments about the centroid of the 
pendulum. The Equation 3.6 is obtained. 
                 ̈                                                           
The Equation 3.5 and 3.6 is combined as the result the Equation 3.7 is obtained. 
        ̈               ̈                                                  
The angle position for the pendulum is set,    , and assume that the system stays 
within a small neighborhood of this equilibrium. The maximum angle is valid within 
range 20 degree for pendulum to inclination.   is represent the deviation of the 
pedulum’s position from equilibrium, that is,       . Again presuming a small 
deviation (   from equilibrium, use the following small angle approximations of the 
nonlinear functions in the system equations: 
                                                                              
                                                                              
 ̇    ̇                                                                         
After substitute the above approximations into nonlinear equations, the two linearized 
equations of motion is obtained. The input F is substituted with the  . 
        ̈          ̈                                                       
      ̈    ̇     ̈                                                         
3.3 Transfer Function 
Firstly assume zero initial condition for Laplace transform Due to get linearized 
system equation. The resulting Laplace transforms are shown below. 
                                                                     
                                                                  
